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ABSTRACT

This computer program computes a ballistic trajectory from burn out
or any point thereafter t;) impact. It aussumes point mass and a spherical
earth. The program takes into account air resistance, the variation of the
gravitational and centrifugal field with altitude, and earth's rotation. It
uses a system of co-ordinates (X, Y, and Z) rigidly connected with the
rotating earth.

The computer program is written in FORTRAN II and an autocoder
deck has been compiled. The program is run on the IBM 1410 computer,

It is being adapted for use on thg IBM 1620 computer for use by the Army.
This program may bé obtaine.d; from the Scientific Programming Section;

Program No. SP9. It was programmed by W. B. Warren of the Scientific

Research Staff.

Approved By:

o C Coveor ..

arry C, Crews, Jr.
Director, Special Projects Office
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Comeuter

Symbol Symbol
Symbol Sympbo:l

BETA

DELTA

PHI

THETA

GAMMA

AX

AY

AZ

AT

VX

VY

VzZ

vT

RA

SYMBOLS

Bearing angle - Clockwise horizontal angle from
north to direction of flight

Flight path angle - Angle between missile axis
and local horizontal. Angle is positive when
missile is climbing.

Latitude - Positive in northern hemisphere,
negative in southern

Longitude - Increases to the east. When firing
east, 6, =0, to the west, 6, = w/2

See Figure 1’ - Co-ordinate system with center
of earth as origin., Z is the polar axis. X and
Y are in the plane of the Equator and are 90°
apart. The X axis corresponds to the point
where 0 := 0. All are positive as shown,

Range angle - Vertex at center of earth measured
from the point where data were put into the program

to the position attained along the trajectory.
Acceleration in the X direction
Acceleration in the Y direction
Acceleration in the Z direction
Acceleration along the trajectory

Velocity in the X direction

Velocity in the Y direction

Velocity in the Z direction

Velocity along the trajectory

Distance from center of.earth to re-entry body

iii
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Symbols (Cont.)

Comguter
Symbol Symbol
H ALT
R R
T -
g, GO
g GRAV
U U
o SIGMA
u AMU
w
e BALCO
(eox)
e DEN
R = 20,902, 890 feet

g, = 32,174 ft/sec2

Distance from surface of earth to re-entry body
Radius of earth - Constant (20, 902, 890 ft.)
Geocentric location vector

Acceleration of gravity at sea level - constant
{32.174 ft/sec?)

Acceleration of gravity at altitude

Earth's rotation in radians per second -
constant { 2w/24 x 3600)

Angle of a spherical triangle - see Figure 3

L
2

(g,R%)

Ballistic coefficient - Estimated from shape
and dimensions

Air density from tape for IBM 1410 program -
computed internally in IBM 1620 program

PHYSICAL CONSTANTS

U = 21/24 x 3600 radians/sec.

ul

= goR
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INTRODUCTION

This computer program may be used to study the free flight and
re-entry portions of a ballistic trajectory. The information calculated
and printed by the computer includes time of flight, location in both
X, Y, and Z from earth's center and latitude, longitude and altitude from
earth's surface, acceleration, velocity, flight path angle, bearing angle
and range in nautical miles,

The model chosen for use in this computer program was taken from
References 1 and 2. Point mass and a spherical earth are assumcd. The
basic acceleration equations are developed in Reference 1. Reference 2
discusses a similar computer program which uses the same acceleration
equations and many of the 'othe;: relationships used in this computer program.

A portion of the computer program discussed in Reference 3 was
used to compute density in the IBM 1620 Computer program. This portion
is an integral part of that program. A

Library Functions Used:

SQRT
SIN
CcOs

EXPF
ATAN




ANALYSIS

Initié.l Conditions

The computer programn will accept initial conditions at burn out
or at any time thereafter until impact. The items of information needed

are punched on two IBM cards which are placed at the end of the deck.

Items Comments
6 Positive when missile is climbing.
p Clockwise horizontal angle from north
0 Initial 6 _ = 0 when flying eastward and 6, = w/2

when flying toward the west

¢ Positive in northern hemisphere

H Altitude above earth's sur-face

R 20,902,890 ft. (earth's radius)

Vt Velocity along the trajectory

g, 32.174 ft/sec’

U 2w/24 x 3600 radians per second
(%K ) Ballistic coefficient

All angles are put into the computer in radians. The computer
program is designed to accept and compute English units. All angles are
printed in degrees. (Program SP-9-E)

The computer program may be modified to accept, compute and print

metric units by using metric units for H, R, Vi, g, and by using conversion
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factors for the altitude and density in the density subroutine in the IBM 1620
computer program. A deck in metric units has been prepared. (SP-9-M)

Development of Equations

In order to provide the proper initial conditions, the following set
of co-ordinate transformations were used as an integral part of the

computer program. (See Figure 1):

X = Rcos ¢ cos @ (1)
Y = Ra cos ¢ sine (2)
'Z = R, sin ¢ (3)
By definition:
H =R, -R (4)

It follows that:

i
2

R, = (X + Y? + Z%) (5)

a

In order to convert the input velocity along the trajectory to
components in the X, Y, and Z directions, the angles 6, B, ¢, and 8 are

used. See Figure l. ¢ is the angle the vehicle makes with the local hori-

zontal.
Vysin § = ‘a velocity component along R, (6)
7y sin & sin ¢ = a velocity component along the Z axis (7)
V, 8in § cos ¢ = a velocity component along R projected (8)
into the plane of the Equator
\A sin 6 cos ¢ 8in ® = a velocity component along the Y axis (9)



FIGURE |




Vi 8in 6 cos ¢ cos 6 = a velocity component along the X axis
Vi cos § = a velocity component parallel to the earth's surface

V cos § sin B = a velocity component along a parallel of
t latitude

Vt cos 6§ sin B sin ® = a velocity component along the X axis
Vt cos § sin f cos ® = a velocity component along the Y axis

Vt cos § cos B = a velocity component along a meridian of
longitude

Vi cos 6§ cos f sin & = a velocity component along R, projected
into the plane of the Equator

Vi cos 8 cos B sin ¢ s8in 8 = a velocity component along the
Y axis

Vt cos & cos B sin ¢ cos & = a velocity component-along the
X axis

Vi cos § cos B cos ¢ = a velocity component along the Z axis

The following three equations are integral parts of the computer

(10)
(11)

(12)

(13)
(14)

(15)

(16)

(17)

(18)

(19)

program. The signs ( + or -) of the sin and cos functions of 6, B, ¢, and

0 were analyzed as the angles changed.

components used.

<
1

<
!

Combining (10), (13), and (18):
Vt (sin 6 cos ¢ cos © - cos 6§ sin P sin B - cos § cos P sin ¢ cos 6)

Combining (9), (14), and (17):

=V, (sin 6 cos ¢ sin 0 + cos 6§ sin B cos 6 - cos 6 cos B sin ¢ sin 0)

The proper sign was given to the

(20)

(21)
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Combining (7) and (19):

v = Vt (sin 6 s8in ¢ + cos & cos P cos ¢) (22)
Z

The component velocities can be used to find the velocity along the

trajectory.
1

v, = (VP4 vy2 + Vv,2)2 (23)

If one takes into account the air resistance, the variation of the
gravit':ati'onal and centrifugal field and earth's rotation, the equation of
ﬁnotion for the ballistic 'vehicle becomes:

mr = mg + W + §c+ k_ (24)
where

m = mass of vehicle

T = radius vector from center of earth to vehicle

E = acceleration due to gravity

W o= air resistance

ic = Coriolis force

En = centrifugal force

Examining equation (24) term by term, one obtains:

- mu T
mg = TRITOR, (25)




]

1

o ]

where

w o= gORz

R = radius of earth

Ra. = distance from earth's center to vehicle

—_ — n-l ‘ )
W = -vcecv (26)

where ¢ and n are factors which depend on air density, the shape of the

vehicle and the velocity;

kK, = 2m ¥ x ) (27)
where

U = angular velocity of the rotation of earth in radians per second
and

—_ 1

k =mUWrcosd = mU? (X + ¥)° (28)

In this analysis, the air resistance was assumed to be proportional

to the square of velocity so that equation (26) becomes

< |

— A% .
W = -Z"—%;—ﬂ (29)

“p
Writing equations (25) through (29) in component form, we obtain:

w X ' pVigVx

A =-—7 _ + 2V.U + U%X 30
Cp
A =-BY _ pVigVy
Y R 3 Z(W\-ZVXU+UZY (31)
& ChA/
7




Integrating these equations in computer form, we obtain

\% + Ax At

Xy = Vxm - 1)

Vyn < VY(n- 1) +- AyAt

=V + A, At
n Z{n - 1) z

X, = X, t Viat
Y =Y + V_At
n n-1 y
Zz =2 + V_At
n n-1 Z

From Figure 1, the relationships pertaining to the angles are:

¢ i z
= arcsin T
Ra
o = axctan ¥
= arctan %
AR, /At
6 = arcsin
t

where AR, /At = average rate of change

in altitude

In spherical trigonometry, the law of cosines states:

cosa = cosbcosc + sinb sin c cos A

(32)

(33)

(34)

(35)

(36)

(37)

(38)

(39)

(40)

(41)

(42)
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The law of sines states:

sin A _ sinB _ 8in C
sin a sin b sin ¢

(43)

where angles A, B, and C represent the angles of the spherical triangle on
the earth's surface and a, b, and c represent the sides of the triangle and
the angles subtended by them at earth's center. See Figure 2.

Now refer to Figure 3.

cos y

cos Co¢, cos Cop + sin Co¢, sin Cod cos A6 (44)

where

A = O-OOand

t

Co ¢, 90° - ¢, , then cos Co¢, = sin ¢, and sin Cod, = cos ¢,
Co¢ = 90° -.¢ , then cos Co¢p = siné¢ and sin Cod = cos ¢
Equation (44) then becomes

cosy = sin ¢, sin¢ + cos ¢o cos ¢ cos A6 (45)

Y = arccos(sin ¢, sin$ + cos ¢, cos ¢ cos AB) (46)

Then range = YR , vy is in radians. Earth's radius, R = 3440.239 nautical
miles.

Range = vy (3440.239) (47)
Refer again to Figure 3.

sin ¢ sin AB but sin Coq>o = cos ¢,

sin Cod, ~ siny (48)

cos ¢, sin AD

sin o (49)

sin y
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o = . .

e =

i

. ,co8 sin A0
o = arcsm( o

. ) (50)
sin y

Sigma (o) is used to compute bearing (B). In order to minimize the
error caused by assuming that the trajectory follows an exact great circle
(it would follow an exact great circle if the earth were not rotating), a
smaller spherical triangle is used in the computer program.

Let symbols with subécript 1 stand for phe next to-last values
computed. The symbols without subscripts stand for t}';e newest values
computed. Let y; equal the range inc‘:remer.lt angle.

Equation (46) now becomes:
Y3 = arccos[sin ¢; sin ¢ + cos ¢; cos ¢ cos (6 - ‘61)] (51)
Equation (50) becomes

o = arcsin (cos 1 sin (6 - 9,)) (52)
sin y,

The computer uses the tangent function to determine the value of
sigma (r). The value determined will lie between -90° and +90°. A graph
showing sigma plotted against beta is' shown in Figure 4.

From Figure 4 we can see that if beta is between 0 and 90°

B =9 (53)

p=m-0 (54)

12
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If beta is greater than 270°,

B =2m+ ¢ (55)

The five equations (51) through (55) are integral parts of the
computer program.

In order to compute At’ which is the acceleration along the
traj;ctory, let Vt = the last velocity computed along the trajectory,

Vi, = the next to last velocity computed along the
trajectory

At = the time increment being used the computer
then
Vi - Vi

At = 1 (56)
At

14 -
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DISCUSSION

The computer program assumes a spherical earth and a point-mass.
Other conditions are those which actually exist at earth's surface and at
altitude from the surface.

The time increment used by the computer is one second during the
portion of the trajectory where conditions change slowly. During the
re-entry portion of the trajectory when the altitude of the re-entry body is
below 150,000 feet, the time increment is decreased to 0.1 second to
increase accuracy. In order to g'ive desired accuracy, this program was
written in double precision. The pro‘gram uses about 39, 950 Adigits of
memory. It is believed that this program produces highly accurate results,

For some of the angle relationships, it is assumed that the trajectory
follows an exact great circle. The errors caused by this assumption are
very small because of the short time increments used and the methods
chosen to compute these relationships, These relationships are computer

outputs and are not used to drive the computer.

15




FLOW CHART FOR FREE FLIGHT AND RE-ENTRY TRAJECTORY

Read Input
Data

Set Counters
RN =0

COr R =0
COMN 15 =0
CON1 =0
AACC =0
CONTR =0
AABB =1
Sense Light 1

Initial Values
B1 =B - .001
ALT 9 = 1000,

Vt=Vo
vtl =Vo__
u =\[_(:RZ
IPAGE =1
Bo =R
00=0
¢y = ¢

RA =R + ALT

V, =V, 8in 6 cos ¢ cos © - V5 cos 6 cos B sinpcos § ~ Vg cos 6 sin 3 sin O
Vy =V, sin & cos ¢ sin ® - V, cos 6 cos B sin ¢ sin 0 + V_ cos & sinf3 cos O
‘V, = Vo sin 6 sin ¢ + Vo cos § cos f cos ¢

X = RA cos ¢ cos O
Y = RA cos ¢ sin 6
Z = RA sin ¢

16




1

1

L1

RAl = ALT + R

Print Title
Page and
Input Data

vy = 0.

2
GRAYV = 32,174 R

17

Print
Zenith

CON 15 =1
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§

for Zone 1

Density Constants

C

. for Zone 2

Density Constants

C

for Zone 3

Density Constants

11

¢

for Zone 4

Density Constants

13

for Zone 5

C

Density Constants

17
Density Constants
for Zone 6

NS
Density Constants
for Zone 7

(R3D + R,)(D + R1)(D + RO)

RO =£

100,000

RO
GRAV

DEN =

or 15
ALT-290, 000

+
18
ALT-350, 000

4201

DEN =0

+

N
Density Constants
for Zone 8

|
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798
wX _pgVxVt

pren——

=2Vv. U + U%X -
Ay =%y RA® 2 BALCO

pr—
S

vY opg Vlvt

= Z'X‘Z ; - -
Ay = URK=2VyU - 2% - 2 BALCO

o
f—

*A ViV
A, = -2 . pPBVz Vt
z RA? 2 BALCO

!
! v 1 '

[ - .CON 8 *
)
- &9/
i CON8 = CONS8 + 1
i
-
(601 on page 23)
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OBk
| DELT = DELT2

N

AACC = AACCH+ 1

3104
T = T+ DELT
422
01 = 6
B =B
By =P
oy = o
¢y =6
|
704
d = tan"! “
RA.Z . ZZ
B = tan~! pA
x
RA - RAl
A
RA DELT
§ = tan"! ARA
v - ARAZ
-
20




AD =0 - 6

421

ool J1 - (sin &y 8in ¢ + cos &) cos $aos AB)*

Y3 =t

-1

sin ¢; sin ¢ + cos ¢, cos dcos A8

sin A8 cos ¢

o = tan

Vsin? ya =~ (sin ABcos $)?

4101
Ag = .001

4102/

Ag =0 -0

N\g128/
B =P -|Ac|

4129

B=p1 + Ao

4130
B =p; + .001

21 (4300 ~ middle of next page)
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g

Bp=w-¢

4164

s

B=2w+to

‘\I

p=o

t—1

4300/

3 Ed E) £

\/1 - (;in $¢o8in ¢ + cos ¢, cos ¢'cos. (6 - 90))z
-1 . .

Yy = tan
sin ¢, 8in ¢ + cos docos dcos (8 ~ B5)

870
RN = 3440,239 y
Vty = Vt

RAL = RA
ALT 9 = ALT

22
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oane we W Bed 3

Ny 7
CONTR = CONTR +] CONTR = 0
PAGE = PAGE + .1

CONVERT
RADIANS TO
DEGREES

W Sense Light
EDIT EDIT
1 2

40/

ALT-150, 000 DELT = DELT2

1941

23
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V, = Vy + AJDELT
Vy = Vy + Ay*DELT
v, =V, + A#DELT
X = X + Vy*DELT

Y=Y+ VY*DELT
7 =27 + Vy*DELT

Vt"

RA = (&

1
V= (V2 VP V)

V1

At = "DELT

1
+ y2 +- zz)a

ALT =RA - R

i

NNGiL

AABB = AABB + 1

(2462 on page 17)

(798 on page 19)

24

2463

Den for
Negative
Altitude
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FORTRAN STATEMENTS

English Units
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CARD TO PRINT 80/80

FREE FLIGHT AND RE-ENTRY
PROGRAVNMED BY W.B.WARREN
FOR RESEARCH STAFF

10 NOVEMBER 1962

PROGRAM NO. SP 9 ENGLISH UNITS.

PHYSTCAL CONSTANTS
GO # GRAVITATIONAL ACCELERATION AT SEA LEVEL - 32,174 FT/SEC#s2
U # EARTH ROTATION ~ 32#Pl0/%24436000 RADIANS/SEC
R # RADIUS OF EARTH - 20,902,890 FEET
BALCO # BALLISTIC COEFFICIENT — CONSTANT
MU#x2 # GO®Rw22 # 32,174%#20,902,890+##2

OTHER INPUT DATA
DEL NANGLE BETWEEN HORIZONTAL AND MISSILE AXIS-—-POSITIVE upP
BETA #AZIMUTH ANGLE CLOCKWISE FROM NORTH TO MISSILE AXIS
THETA HLONGITUDE OF MISSILE ’
Pkl #LATITUDE OF MISSILE
H #HEIGHT OF MISSILE ABOVE EARTH SURFACE

RHO #ATMOSPHERIC DENSITY ——TABLE

RA # MISSILE ALTITUDE FROM CENTER OF EARTH

VO # MISSILE BURNCUT VELOCITY #VI AT THO

REAC 100,+DEL,BETA,THETA,PHI,ALT

REAC100,R4yV0,G0,U,BALCO

REAC 100,T,CELT,DELT2

CON8 # 0.

SENSE LIGHT 1

CONY1S# O.

CONYl # 0.

AACC # O.

CONTR#O.

AABB # 1.

BETALK BETA - .001

ALTS #1000,

RNH#G.

VT # VO

VT1 #VO

AMU it SQRTFIGO#R»«2n

IPAGE # 1

BETAQ # BETA

THETO ¥ THETA

PHIC 4 PHI

RA § ALTER

OVX AVO+SINFINELn*COSFEPHIO#COSFYTHETAO~VO*COSFRDELO*COSFEBETAQ#SIN

1FZPHIu«COSFETHETAD-VO#COSFXDELOSINFIBETAD#SINFETHETAR

VY HVO#SINFIOELO#COSFRPHIO#SINFATHETAD-VO*COSFYDELO*COSFEBETAD®SIN

26.
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CARD TO PRINT 80/80

1FEPHInD#SINFAITHETADEVO#COSFEDELOSINFEBETAB#COSFITHETAD

OVZ HVO*SINFRXDELn*SINFEPHIDEVO#COSFRDELO*COSFIBETADSCOSFEPHID
X HRA%COSFAPHID«COSFBTHETAD
Y ARA«COSFEPHIO#SINFITHETAD
I # RA=SINFZPHID

2462

S00
3840
5C50

901
4200

-~ O vidwN

ol .}

RAL #
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
GAMMA
GRAYV
IF %A
IF 2C
PRINT
FORMA
CON15
IF %A
IF 2A
D # A
R3# -
R2#

R1E -
RO#

GO TO
CONTI
IF %A
CONTI
D # %
R34# 0O
R2# 0
R1#-0
RO# O
GO TO
1F %A
D # %
R34

R2#

R1# -
RO#H

GO TO
CONTI
IF %A

ALT & R

4999, IPAGE

5000

5001

5027

5002

5003

5004

5010

S011

5012

5013

5014

5015, 0EL+BETA, THETA,PHI

5016, ALT,BALCO,RA,VO

# 0.

f 32.174#Rex20/RA#2
LT - ALT90900,501,901
ON15 - 1.03840,901,901

5050
T Z1HK,35X,6HZENITHR

# le
LT-400000.04200,4201,4201
LT - 4CC00.01,2,3
LT/100060.
0«37728875E~02
0.52352523£-02
0.31047929EL00
0.89444960EL01

50
NUE
LT-80C00.04,5,6
NUE
ALT-40000.1/10000.
«23298604E-05
«21620268E-03
«479T4207E600
.75402419E601

50
LT - 160000.07,8,9
ALT-80000.0/10000.
0.26359811E~04
0.80943560E~02
0.51509227EL00
0.56272847E601

50
NUE
LT-175000.010,11,12
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10
11

14

16
17
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20
21

50

798

699
4201
1569
1434
2460

2461

CARD TO PRINT 80/80

CONTINUE

D #ZALT—-160000.0/10000.
RIU-0.5T066660E~04

R2# 0.30080CCOE~03
R1#-0.36384173€600

ROH 0.20423758EE01

GO TO S0

IF ALT-270000.113,14%,15
D # %¥ALT-175000.1/10000.
R3# -0.84014648E-03

R2H¥ ~-0.16797257E-02

Riff ~0.3293165T7E600

RO# (.15021266E6L01

GO TO 50

CONTINUE

IF ZALT-290000.016,17,18
CONTINUE

D # %ALT-27C000.0/10000.
R3# 0.

R2# 0.36480C09E-03
R1#-0.6137624CEE00
RO#-0.25094864E601

GO TC 50

[F €ALT~350000.019,20,21
D # %ALT-29C000.0/10000.
‘R34 0.17070042E~-02

R2# -0.16575218E-02

R1# —0.63898718EL00

RO# —-0.37292327E8601

GO TG 50

CONTINUE

B # %ALT-35C000.0/10000.
R3ff —0.38550824E~02

R2# 0.65901945E~01

R1# ~0.68705559E&00

RO# —-0.72586563€E801
ROHIEXPFEZZRI#DER2N4DER 1u*DERODD/ 100000,
DEN # RO/GRAV
CAX#2.aVY#UEU#2uX-Z ZAMU %222 X0/RA+230-ZLXDEN*GRAYV
loo
CAYHUR®24Y=2 . sV X #U-FZBAMU#2eYD/RA##3U-FLDENGRAY
lno ) :

sVX*VTo/¥2.#BALCO

*VY*VTn/22.#8ALCO

AZ#Z=1.0%2ZZAMUS*2% 20/RA*# 306 ZZCENSGRAV *VZ«+VTo/%2.+BALCONOD

IF %CONBR4CC0,699,1569

CON8 # CON8 & 1.

GG TO 601

DEN # O.

GO TO 798

IF ZALT -150000.01434,1434,3104
1F ZAACCD4000,2460, 2461

AACC # AACC & 1.

GO TO 3104

DELT AHDELT2
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3104
422

104

421

4099

4101

4102
4120
4128

4130
4129

4150
4161
4141
4162
4160
4163
4165

4166
4164

4167
4300

CARD TQ PRINT 80/80

T # T & DELT

THETL # THETA

BETA2 HBETAL

BETAL # BETA

SIGMAL#S IGMA

PHI1 # PHI

PHI # ATANFZZ/3SQRTF2ZRA##2-Zsw200n
THETA H#ATANFZY/XD

DELRA # %RA - RAlu/DELT

DEL ATANF%%DELRAB/%SQRTFZVT*'Z-DELRA*‘ZDDU
DTHETHTHETA ~THET1

GAMMA3H ATANFZY SQRTF%I.-XXS(NF%PHIlﬂ’SINFZPHIUBGXCOSFZPHIlﬂlCOSFZP
1HID*COSF%DTHETUDU&GZDD/%SINF%PHlIB'SINFZPHIUGCOSF%PHIlD*COSFZPHln'

2COSFADTHEToRNO

SIGNA # ATANF%XSINF%DTHETD*COSFZPHIIOD/ZSDRTFZZSINFZCAMMA3UU¢|2 -2S

LINFZOTHETu#COSFEPHI Louss 2000

IF %1.5688 ~ TABSFXSIGMADDBG099,4160,4150
IF $SIGMA1D4102,4101,4102

DELSIG # .001

GO TO 4120 ° ,

DELSIG # SIGMA —-SIGMAL
IFEBETAL-BETA214128,4130,4129

BETA# BETAL- %ABSF%DELSIGDD

GO TO 4300

BETA# BETAlE.001

GO TG 4300

BETA# BETAL &%ABSF%DELSIGUU
GO TO 4300

If $.C01- %ABSFZSXGMADDD4160 416044161

IF ZBETA = 1.D4141,4165,4162

IF %SIGMA04166.4167o4167

IF ZBETAL - 5.84165,4165,4141

[F ASIGMAD 4163,4164,41064

[F ZBETAL-4.712389514165,4166,4166

BETA #3.14159265~S1GMA

GO TO 4300

BETA #6.28318530 & SIGMA

GO TO 4300

IF ZBETAL — 1.5707963267504167,4165,4165

BETA 4 SIGMA

GANMNMA # ATANF%%SQRTF%I.—%”SINFZPHIODGSINFZPHIUGGYCOSFZPHIOD'COSF!P
IHIa*COSFETHETA- THETODBBG&ZUD/ZSINFZPHIOU*SINFzPHIﬂﬁCUSFzPHlOU’COSF

2¥PHID#COSFYTHETA-THETOBOA

870

601

604
606

RN HGAMMA * 3440.239
VTLIVT )
RALHE RA /
ALTY HALT

CONTR HCONTR & 1.

1F %CONTR =1.84C00,607,604
IF 2CONTR-9.0602,602,606
CONTR #0. .

IPAGE HIPAGE & 1

GO TO 601
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607
602

3000

3001

609
1540
1941

1202
1203
1204
2463

5028

100
5010
5011

5012
5013
5014
5015

5016

5017
8000
8001
4999
5000
5001
5027
5002
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CARD TO PRINT 80/80

PRINT S5C17,IPAGE

AAL H#DEL® 57,2958

AA2 H#BETA®57.2958

AA3 H#THETA®57.2958

AA4 HPHI =»57,2958

PRINT 5005,TyXyYy2

AA6 # SIGMA « 57,2958

AA7 # GAMMA3 « 57,2958

PRINT 5006,ALT,VX,VYyVZ

PRINT 5007+VT,AXyAYAZ

PRINT 5008,AA2,RN,DEN,GRAV

IF TSENSE LIGHT 1o 3000,3001

PRINT 5028,AA4,AA3,AAL"

GO T0 609

PRINT 50259AA4,AA3,AAL,AT

IF ZALT - 150000.01940,1940,1941

DELT #DELT2

VX # VX & AX#DELT

VY # VY & Ay # DELT

VZ # VI & Al = DELT

X # X & VX » DELT

Y #Y & VY & DELTY

Z # 1 & VI » DELT

VT # SQRTFZVX##2 £ VYwu2 [ Viwe2D

‘AT H¥VT-VTlo/DELT

RA /I SQRTFEX#%2 £ Yw#2 .£ Zea2nD

ALT #RA - R

IF 2ALTol1202,1203,1203

AABB # AABB & 1.

1F 2AABB~1.54000,24¢62,1204

IF $AABB-2.02462,2463,80C0

DEN #.C0237662%ALT/%-5000.0028,0027448-.002376900
GO TO 768

FORMAT Z1H ,2Xy5HPHI 4E15.8,2X,5HTHETA,E15.8,2X,5HDELTA,E15.80
FORMAT %5E15.8n

FORMAT Z1HK,25X,42HPHYSICAL CONSTANTS -SAME FOR ALL MISSILES-m
FORMAT ZL1H ,25XySTHGRAVITATIONAL ACCELERATION AT SEA LEVEL 32.174
1 FT/SEC##2n

FORNAT %1H ,30X,44HEARTH ROTATION 2PI/24 X 3600 RADIANS/SECONDE
FORMAT %1H ,30X,32HRADIUS OF EARTH 20,902,890 FEETo

FORMAT Z1HK,5X,12HOTHER INPUTSO

FORMAT 21H »5HDEL +E15.892X45HBETA »E15.8,2X»SHTHETA,E15.8,2X
1,5HPHI ,E15.80 '

FORNMAT Z21H ,5HALT ,E15.8,2X,5HBALCO,E15.8,2X+5HRA 1E15.8,2X

145HVO vE1l5. 80

FORMAT %1H1,79XSHPAGE ,14n

PRINT 8GOl

FORMAT ZLYHL,////7777720Xy32He#enannsEND OF JOBewsnsanwn//lHlO
FORMAT 21H1,32X,31HBROWN ENGINEERING COMPANY, INC.y4X,SHPAGE ,14nD
FORMAT Z1H ,30X,35HFREE FLIGHT AND RE-ENTRY TRAJECTORYRm

FORMAT Z1H ,35X,24HPROGRAMMED BY W.B.WARRENQ .

FORMAT %1H ,30X,35HTHEORETICAL DERIVATION - C.F.OSTNERD

FORMAT 21H ,38X,18H RESEARCH STAFF o
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5003 FORMAT
5004 FORMAT
3C050FQRNMAT
15H2
5006 FORMAT
15HVZ
5007 FORMAT
15HALZ
5008 FORMAT
15HGR AY
5025 FORMAT

CARD TO PRINT 80/80

Z1H ,39X,16H10 NOVEMBER 1962n

T1HK 39X+ 31HPROGRAM NO.

L LHK 92X, SHTIME
vElS.SD

2LH $2XySHALT
»£15.80

ZLH 42Xy SHVT
1E15.80

21H 42X, 5HBETA
vE15.80

T1IH 42X, 5HPHI

L5HACCEL,E1l5.80m

4000 STOP
END

SP 9 ENGLISH UNITS.qm

vE15.842X,5HX vE15.8,2X,5HY
+1E15.842Xy5HVX 1E15.8,42X,5HVY
1E15.8,2Xy5HAX +E15.842X,5HAY

1E15.842X5HRANGE 4+E15.8,42X+5SHDEN

1E15.842X,
'EISQBQZX’
1EL5.892X,

vEL5.852X,

.ElS-B,ZX.SHTHETA.ElS.B.ZX.SHDELTA.515.8,ZX,
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_CARD TO PRINT 80/80

FREE FLIGHT AND RE-ENTRY
PROGRAMMED BY W.B.WARREN
FOR RESEARCH STAFF

10 NOVEMBER 1962

PROGRAM NO. SP 9 METRIC UNITS.

PHYSICAL CONSTANTS
GOHGRAVITATIONAL ACCELERATION AT SEA LEVEL - 9.80665 METERS/SEC"Z
U # EARTH ROTATION - %2#Pln/%24#36000 RADIANS/SEC
R # RADIUS OF EARTH - 6,371,230 METERS
BALCO # BALLISTIC COEFFICIENT - CONSTANT.
MU#%2 # GO#R##2 # 9.80665 » 6,371,230%+2

CTHER INPUT DATA
DEL #ANGLE BETWEEN HORIZONTAL AND MISSILE AXIS--POSITIVE UP
BETA HAZIMUTH ANGLE CLOCKWISE FROM NORTH TO MISSILE AX!S
THETA HKLONGITUDE OF MISSILE
Pt1 KLATITUDE OF MISSILE

ALT AHEIGHT OF MISSILE ABOVE EARTH SURFACE

RA # MISSILE ALTITUDE FROUM CENTER OF EARTH

VO # MISSILE BURNOUT VELOCITY #VT AT T#0

REAC 10C,DELyBETA,THETA,PHI,ALT

REAC1CO,R,V0,4GO,U,BALCO

REAC 100,T,C0ELT,DELT2

CON8 # O.

SENSE LIGHhT 1

CON15 # 0.

CONl 4 C.

AACC # 0.

CONTR#0.

AABE # 1.

BETAL1# BETA — .001

ALTS #1000,

RN#C.

VT # VO

VTl #VO

AMU # SQRTF2GO#R«w20O

IPAGE # 1

BETAO # BETA

THETO # THETA

PHIC # PHI

RA # ALTER

AK H 16.0184
OVX /iVO*SINFEDELDO#COSFEPHIO#COSFETHETAR-VO#COSFEDELO#COSFEBETAn=SIN
1FZPFIn*COSFETHETAD-VO*COSFIDELO#SINFIBETAO*SINFETHETAD
ovy #VOGSINF%DELD*COSF%PHIDiSlNFZTHETAU—VO'COSFZDELD'COSFZBETADGSlN
1LFEPHIo#*SINFETHETADEVOR*COSFEDELO#SINFZBETAO®COSFETHETAD
OVZ HVO*SINFADELn® SINFEPHIDEVO#COSFZ0ELn+COSFZBETAn®COSFIPHID
X HRA~COSFZPHID*COSFYTHETAD

Y HRA#COSFXPHIO*SINFEZTHETAD
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2462
S00
3840
5050
301

4200

A NP PU V)

10
11

k.

I # RA#SINFZPHID

RAL # ALY & R

PRINT 4999, IPAGE

PRINT 5000

PRINT 5001

PRINT 5027

PRINT 5002

PRINT 5003

PRINT 5004

PRINT 5C10

PRINT 5011

PRINT 5012

PRINT 5013

PRINT 5014

PRINT 5015,DEL,BETA,THETA,PHI
PRINT S5016,ALT,BALCO,RA,VO

GAMMA # 0.

GRAV # 3GO*R*#20/RAew2

IF %ALT - ALT9$3900,901,901
IF $CON1S - 1.03840,901,901
PRINT 5050

FORMAT Z1HK,35X,6HZENITHa
CON15 # 1.

ALT # ALT » 3.280833

IF ZALT-400000.04200,4201,4201
1F %ALT - 4C000.01,2,3

D # ALT/10000.

R3# —0.37728875E~02

R2# 0.52352523E-02

RLH =0.31047929E&00

RO# 0.89444960EE0L

60 TO 50

CONT INUE

IF %ALT-80000.04,5,6

CONT INUE

0 # 3ALT-40C00.13/10000.
R3# 0.23298604E-05

R2H 0.21620268E-03
R1#-0.47974207EE00

ROH 0.754024159EE01L

GO TO 50

IF ZALT - 160000.87,8,9

D # %ALT-80C00.0/10000.
R34  0.26355811E-04

R2# 0.80943560E-02

R14 ~0.51509227E€£00

RCH 0.5627284TEEOL

G0 TO 50 °

CONTINUE

IF %$ALT~-175C00.010,11,12
CONT INUE

D KZALT-160C00.8/10000.
R3#-0.57066€60E=-04
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12
13

14
15
16
17

18
19

20

50

798

699
4201
1569
1434
2460

2461
3104

CARD TO PRINT 80/80

R2# 0.300800C0E-03
R1#-0.36384173EE00

RO# 0.20423758EEL01L

GO 10 50

IF §ALT-270000.013,14,15
D # ZALT=175000.2/10000.
R3# —0.84014648E-03

R2¥ -0.16797257€E~-02

R1# -0.32931657ELQO

RO# 0.15021266E601

GO 70 50

CONTINUE

IF ZALT-290000.016,17,18
CCGNTINUE

0D # %ALT-270000.0/10000,
R3#& 0O

R2# 0.3€430009E~-03
R1#-0.6137624CELQO
ROH#-0.25094864E8L01

GO 10 50 .

IF ¥ALT-350000.019,20,21
C # %ALT-290000.6/10000.
R3# 0.17070042E-02

R2# —-0.16576218E-02

R1# -0.63898718EL00

ROK —0.37292327EEL01

GO TG 50

CONTINUE

D # ¥ALT-350000.8/10000.
R3f —0.38550824E-02

R2# 0.€65901945E-01

R1# —0.68705559E800

RO# -0.72589563E&01
ROKHEEXPFEEURI*DER20#DERLO=DERODD/ 100000,
DEN H#ZRO*AK#RA#x20/Ruu2
ALT # ALT / 3.280833 .
CAXH2.28VY#UELU# 022 X~Z2AMU»# 24 Xa/RA#»30-ZZDENSGRAV #VX#VT/%2.#BALCO
lon
CAY#HU»#28Y=2 . x VX2 U-YZAMU#2s YD /RA##30-FZ0EN#GRAV #VYeVTn/22,+BALCO
1oo
AZ#%—1.D#ZEEAMU* %28 70 /RA%w30LZTCEN-GRAV #V2#VTa/32.+BALCOOND
If ¥CONBO4000,699,1569
CON8 # CONB & 1.

GO TO 601

DEN # O.

ALT # ALT / 3.280833

GO TG 758

IF EALT — 45720.09601434,1434,3104
IF ZAACCD4000,2460,2461
AACC # AACC & 1.

GO TO 3104

DELT #HOELTZ2

T # 7T & DELT
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CARD TO PRINT 80/80

422 THET1 # THETA
BETA2 #BETAL
BETAL # BETA
SIGMALHSIGMA
PHI1 # PHI
704% PHI # ATANFRZZ/2SQRTFZRA##2-7s#2000
THETA H#ATANFRY/Xa
DELRA # ZRA - RAlO/QELT
DEL # ATANF%%DELRAU/%SQRTF%VT"Z-DELRA"ZUBD
421 DTHETHTHETA ~THET1
. GANNAZYH ATANF%%SQRTF%l.-%%SlNFZPHIlU*SlNFXPHlﬂDSZCOSFZPHIln-COSFZP
lHID‘COSF%DTHETUEU*lZDD/ZSlNF%PHllﬂ'SlNFZPHlU&COSFZPHIlﬂiCOSFZPHIU#
2COSFEDTHETODD
SIGVA ¥ ATANF%%SINF%DTHETD*COSFZPHIlﬂD/ZSQRTFZZSINF%GAMMA3UD|¢2 P 4
LINFEDTHETO*COSFIPHI lon##20an
IF $1.5688 - ZABSFZ5IGMADDB4099,4160,4150

. 4099 IF 2SIGMA1D4102,4101,4102

4101 DELSIG # .00l
60 TO 4120
4102 DELSIG # SIGMA ~SIGMAL
4120 IF%BETA1~BETA204128,4130,4129
4128 BETA# BETAL-ZABSFROELSIGED
GO TO 4300
4130 BETA# BETAL1£.001
60 TO 4300
4129 BETA# BETAL £2ABSFXDELSIGEA
GO TO 4300
4150 IF %.001-%ABSFZSIGMARDD4160,4160,4161
4161 IF ZBETA — 1.D4141,4165,4162
4141 IF ZSIGMAD&4L166,4167,4167
4162 IF %BETALl ~ 5.04165,4165,4141
4160 IF $SIGMAD 4163,4164,4164
4163 IF %BETA1-4.712389504165,4166,4166
4165 BETA #3.14159265-SIGMA
6O TG 4300
41656 BETA #6.28318530 & SIGMA
GO TO 4300 ‘
4164 IF ¥BETAL — 1.5707963267504167,4165,4165
4167 BETA # SIGMA
4300 GANMA # ATANFZZSQRTFZ1.-2ZSINFIPHIOD®SINFZPHIOOEZCOSFEPHIODNCOSFLP
IHIo#COSFETHETA-THETOuOn##200/ISINFEPHIOO# SINFEPHIOECOSFEPHIOO*COSF
2ZPHID*COSFETHETA- THETOBOD
870 RN HGAMMA » 3440.23S
VILAVT
RALH RA
ALT9 HALT
601 CONTR #CONTR € 1.
IF $CONTR —1.040004 607,604
604 IF %CONTR-9.8602,602,606
606 CONTR HC.
IPAGE #IPAGE & 1
GO 10 601
607 PRINT 5017, 1PAGE
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CARD TO PRINT 80/80

602 AAl j{DEL® 57.2958
AA2 HBETA%57.2958
AA3 HTHETA#57.2958
AA4 HPHI #57.2958
PRINT 5005, TeXsYs2
AA&é H SIGMA * 57.2958
AAT . GAMMA3 = 57.2958
PRINT 5006, ALT,VX,VY,VZ
PRINT SO0T7,VT,AX,AY,AZ
PRINT 5008,AA2,RN,DEN,GRAYV
. 1F %SENSE LIGHT 1o 3000,3001
3000 PRINT 5028, AA4,AA3,AAL
GO TO 609
3001 PRINT 5025,AA4,AA3,AA1,AT
609 IF %ALT — 45720.09601940,1940,1941
1540 DELT HDELT2
1941 VX # VX & AX®#DELT
VY # VY & AY * DELT
VI # VI & Al # DELT
X # X & VX ®* DELT
Y K Y & VY = DELT
Z # 1 & VZ % DELT
VT # SQRTF¥VX#w#2 & VY##2 £ VZe#2n
AT HEVT-VTLlo/CELT
RA # SQRTFXX#%2 & Yn#2 & Z##20
ALT #RA - R
IF $ALTR1202,1203,1203
1202 AABEB 4 AABB & 1.
1203 IF %AARB-1.D4C00,2462,1204
1204 IF 2AABB-2.02462,2463,8CC0
2463 DEN #.0023766%2ALT/%-5000.00+%,.0027448~.002376900
GG TG 768
5028 FORMAT Z1H ,2X:5HPHI  ,EL15.8,2X,SHTHETA,E15.8,2X+5HDELTA,F15.80
100 FORMAT %5E15.8n ‘
5010 FORMAT Z1HK,25X,42HPHYSICAL CONSTANTS —-SAME FOR ALL MISSILES-~o
5011 FORNMAT %1H ,25X,62HGRAVITATIONAL ACCELERATION AT SEA LEVEL 9.8066
15 METERS/SEC#%2n ‘ _
5012 FORMAT %1H ,30X,44HEARTH ROTATIGON 2P1/24 X 3600 RADIANS/SECONDD
5013 FORMAT %1H ,30X,33HRADIUS OF EARTH 6,371,230 METERSH
5014 FNPRMAT %1HK,SX, 12HOTHER INPUTSO

5015 FusMAT Z1H ¢+5SHDEL +EL15.842X+SHBETA 4E15.8,2X,5HTHETA,E15.8,2X
1,5HPHI 4EL15.80
5016 FORMAT Z1H +5HALT +E15.8,2X+5SHBALCOWEL5.8,2X,5HRA 1E15:8,2X

1,5HVO 1E15.80
5017 FORMAT Z1HL,79X,5HPAGE ,T40
8GO0 PRINT 8CQ1
8001 FORMAT ZYIHY///7/77/7720X432HnanusnwuaEND OF JOBrwwsnwxe//1HlO
4699 FORNMAT 21H1,32X,31HBROWN ENGINEERING COMPANY, INC.,4X,S5HPAGE ,I14n
5000 FORMAY Z1H ,30X,35HFREE FLIGHT AND RE-ENTRY TRAJECTORYD
5C01 FORMAT %1H ,35X,24HPROGRAMMED BY W.B.WARREND
5027 FORMAT #Z1lH ,30X,35HTHEORETICAL DERIVATION - C.F.QSTNERnD
5002 FORMAY %1H ,38X,18H RESEARCH STAFF o
5003 FORMAT Z1H ,39X,16H10 NOVEMBER 1962n
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SEIS

5004 FORMAT
50050FORMAT
15H2
5006 FORMAT

15HVZ
5007 FORMAT

 15HAZ
5008 FORMAT
15HGRAV
5025 FORMAT

CARD TU PRINT 80/80

Z1HK 39X, 31HPROGRAM NO. SP 9 METRIC UNITS.n

ZLHK 42Xy SHTIME
1E15-Gﬂ

TLH 4 2%, SHALT
vElS.BU

ZTLH +2X9 SHVT
,EISCBD

X1H +2X,SHBETA

vElS.SD
TLH 22Xy SHPHI

15HACCEL,EL1S5.80

4000 STOP
END

vEL15.8,2X,5HX .EIS-Q'ZX,SHY 2E15.8,2X,
oElS-B.ZX.SHVX .EIS-B;ZX,SHVY vE15.8,2X,
1E15.8,2X,5HAX vE15.842Xy5HAY 2E15.8,42X,
1E1548,2X15HRANGEEL5.8,2X¢SHDEN ,E15.8,2X,
1EL15.842XsSHTHETAJEL5.8,2X,5SHDELTA,EL5.8,2X,
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